Abstract: This paper considers the cooperative control of a group of autonomous underactuated vessels (AUV). The control objective for each vessel is to maintain its position in the formation while Formation Reference Point (FRP) tracks a predefined spatial path. In order to achieve this goal, we use vectorial backstepping to solve two subproblems: one is geometric task, anther is dynamic task. The former guarantees that the FRP tracks the spatial path, while the later ensures accurate speed control along the path. A dynamic guidance system with feedback from the state of all AUV ensures that they have the same priority (no leader) when moving along the path. The controller is proposed basically based on Lyapunov direct method and backstepping technique. Simulation results are presented and discussed.
Introduction
Nowadays, the researchers pay more attention to Control of underactuated systems than before, due to its intrinsic non-linear nature and practical applications, such as rescue mission, large object moving, troop hunting, formation control and satellite clustering. Since the controlling of autonomous underactuated vessels (AUV) is one typical example of underactuated systems, we mainly discuss the cooperative control of a group of autonomous underactuated vessels in this paper. The control laws for coordination of a group of AUV based on the virtual structure approach applied by [1] to a formation control of a mobile robot, which were particularly proposed in this paper. The technique in [2] is modified to design a global state feedback controller for each AUV to ensure that all AUV follow perfectly their prescribed spatial paths. The AUV model is based on new results in nonlinear AUV modeling [3] .Particularly we solving the formation control problem this paper in two aspects: the kinematic task and the dynamic task. The former ensures that the individual AUV converge to its positions in the formation and stay at its spatial paths which generally called in literature the spatial path following. The latter will ensure that the AUVs will move along the spatial path with the appointed speed. Therefore, the controller is designed in such a way that the derivative of the spatial path parameter is left as an additional control input to synchronize the formation motion.
The rest of the paper is organized as follows. In Section 2,the problem under study is stated. In Section 3, cooperative control laws are proposed for different communication scenarios and several related problems are studied. In Section 4, simulation results are presented. The last section concludes this paper.
Problem Statement
Given a desired geometric pattern  defined by constant vectors
, we consider the following the format control problem.
Design a cooperative controller for vessel
i based on the desired trajectory, its own state and its neighbor's states such that:
In this paper, we consider a group of n underactuated autonomous underwater vehicle (AUV). The equations of motion for a i 'th vessel described by 6-DOF models as follows： 1 2 1 ()
Cooperative Control Law Design
In the procedure that follows, a recursive backstepping design is proposed to solve the formation maneuvering problem for n vessels with the dynamics given in (4):
Step 1: Define the error variables for the i 'th AUV: 
Then the result of Step 1 becomes:
Step 2: Differentiating (6)with respect to time yields:
.The second tuning functions 2 i  as:
The second virtual control  are chosen as:
Define the third error variable 3 i z as   3  3  1  2  1  2  2  2  2 , , , , 
Conclusion
We proposed a solution to the cooperative control of a group of autonomous underactuated vessels (AUV).We illustrated our results in the context of vessel control applications: underwater vessels moving in three-dimensional space. Simulations show that the control objectives were accomplished.
